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EDITORIAL NOTES 
Aids to Design. 


TueE calculations required when designing a structural member can be tedious 
and, if worked directly from first principles or from formule based on first 
principles, may take much time. It is imperative that calculations made by 
a student should be based on fundamentals so that the underlying principles 
are fully understood and not concealed by short-cut methods. But it is permiss- 
ible for a more experienced designer to adopt means whereby the work, and 
therefore the cost, of calculating can be reduced. This is even desirable, because 
the designer is then freer to concentrate on the engineering aspect of the design and 
his judgment is not so likely to be dulled by excessive arithmetical processes. Arith- 
metical aids which enable several designs to be prepared with the least labour and 
in the shortest time are a necessity when comparative schemes are being prepared. 

Aids to design, apart from apparatus such as slide-rules and calculating 
machines, are generally in the form of tables, graphs, and nomograms, from which 
the result of an arithmetical operation involving one or more variable factors can 
be determined at sight or at least by one simple manipulation. An aid is justified 
if it is quicker to apply the aid than to calculate the result from the basic formula. 
Even if it is no quicker, it may be claimed that the use of an aid, however simple, 
may avoid arithmetical errors. 

The advantage of a table is that the numerical value of the required result is 
seen at a glance so long as the numerical values of the known variable factor or 
factors upon which the result depend coincide with those in the table. Otherwise 
interpolation is necessary. When two variable factors only are concerned and the 

4 relation between the two is linear, accurate interpolation is generally easy. If 
three variable factors are concerned, in which case an aid is particularly useful, 
: interpolation between four results has to be effected and this is not always easy, 
especially if the variations are not linear. The simplest form of table comprises 

#two columns, such that the equivalent of a known quantity in one column is 
immediately read in the adjoining column. A table comprising several columns 

i giving the results of a computation involving two variable factors is more complex. 

fgSuch a table can be used in reverse, that is if the result and one of the variable 

Miactors are known the other variable factor can be established. Interpolation 

mmay be difficult since it is generally practicable to give only one of the variable 
‘Bfactors in small increments. One test of the adequacy of a table is whether the 
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intervals between the factors tabulated are such that linear interpolation gives 
a result that is sufficiently accurate. When there are three variable factors, com- 
bined tabulation of the results may be impracticable unless there are few possible 
values of two of the variable factors. In effect, such a table is a series of separate | Tur 
tables. If only one of the variable factors can be presented in a few increments, | the 
tabulation is reasonable only by preparing a separate table for each increment | but 
of this factor. the 
Graphs in which the results are read at the point where an ordinate, repre- 
senting one of the variable factors, intersects a curved line have some of the 
limitations of tables. They have, however, the great advantage that interpolation 
can be done visually whether it be linear or to a higher degree, and whether the) ctry 
relation be between two or three variable factors. Extrapolation to a moderate } of ¢ 
degree can also be done when using graphs, but caution is necessary in doing so. | Fig. 
Graphs are more easily prepared than tables as only a few results need be calculated | obtz 
to establish a curve, whereas every result must be calculated accurately for) that 
inclusion in a table. A graph also enables the effect of variation in one factor to | pola 
be seen at a glance and an assessment of whether or not such variation is material. | 
On the other hand, graphs do not present the numerical result quite as plainly 
as a table, but this objection is generaliy outweighed by other advantages, such may 
as the practicability of plotting more clearly the results of two variables by means | tran 
of several curves on one diagram. By superimposing one series of curves upon | jn y 
another it is possible to deal with three variables on the same diagram. | exar 
To ascertain the result arising from two variable factors, nomographic charts, agai’ 
commonly called nomograms, are suitable and may combine the accuracy of} of e 
a table with the versatility of a graph. Interpolation is generally automatic. } this, 
In its simplest form a nomogram comprises three parallel scales one of which’ othe 
represents the result and two represent the variable factors. A straight-edge! skill 
laid across the scales, so that it intersects two scales at the values of the known | bein, 
variable factors, enables the result to be read on the third scale at the point} a str 
where it is intersected by the straight-edge. The construction of nomograms is} the 
described elsewhere in this number, and it is shown that this form of aid can be} (day 
prepared to give the result of four or even more variable factors in a form much _ perc 
more concise than is possible with graphs or tables. It is not essential that the) at 6. 
scales should be rectilinear, and nomograms with curved scales have proved, of sc 
particularly useful for designing frames. In this instance the alternative to the 
use of nomograms is to substitute the values of the known variable factors scale 
in formule and then to perform the subsequent arithmetical operations, which) the I 
usually takes longer. draw 
The use of nomograms and the reading of tables and graphs are, to different! 
degrees, mechanical operations, but it can be claimed that the use of these aids’ 
to design needs as much intelligence as the substitution of arithmetical values in| 
formule. The results obtained may not be quite as accurate as those derived from 
formule, but the risk of error, which is inseparable from all arithmetical processes,) jnyo 
is avoided. Also the time saved by the use of aids appeals to a busy designer] | 
and consequently to those responsible for remunerating the designer. It is} (, , 
important, however, that no use should be made of an aid to design unless the 
user has taken the trouble to examine and understand the basis, and therefore 
the limitations, of the diagram or table. 
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The Construction of Nomograms. 
By W. E. SCRIVEN, B.Sc.(Eng.). 
THE construction of nomographic charts, or nomograms, to represent the 
theoretical or empirical relations between variables can sometimes be laborious, 


but is usually well worth while. Any degree of accuracy can be obtained, and 
the need to remember formule and the limits within which they apply is obviated. 


Charts from Empirical Data. 


Nomographic charts from empirical data are obtained by graphical con- 
struction. The only requirement is that the data when plotted must form a set 


; of straight lines or a true family of curves. The procedure is then as shown in 


Fig. 1. Each straight line is represented by one of the crosses, and each cross is 
obtained by plotting any two points such as those shown. If the data were such 
that all the lines were parallel, the crosses would be in one straight line. Inter- 


| polation between the crosses is permissible provided that the positions of the 
| lines are dependent on only one variable. 


It is evident, therefore, that any data which can be plotted in a linear manner 
may be represented by nomographic charts. Three methods are available for 
transforming a set of curves into a set of straight lines. The best known is that 
in which one variable is plotted against a suitable function of the other. For 
example, exponential curves can usually be made linear by plotting one variable 
against the logarithm of the other. The selection of suitable functions is a matter 
of experience; in some cases arithmetical difference tests must be resorted to; 
this, however, is a problem in curve-fitting and is not considered here. The 
other two methods are simpler and do not require any intuitive mathematical 
skill. They are known as single-scale and double-scale distortion, the object 
being the rearrangement of the divisions on the axes of the graph so as to produce 
a straight line. In Fig. 2 is an example of single-scale distortion, together with 
the final nomogram showing the relation between the age of dense concrete 
(days), the temperature at which the concrete was cured (deg. Fahr.) and the 
percentage of the compressive strength of the concrete at 28 days when cured 
at 64 deg. Fahr. In Fig. 3 is an example of double-scale distortion, the intervals 
of scale, and q, being chosen to suit the lengths of the scales required. 

It is to be noted that if the original curves do not form a family the distorted 
scales will not completely straighten all the curves. A simple test, known as 
the Bilinearity Condition, is shown in Fig. 4; the condition is that criss-cross lines 
drawn between upper and lower curves must intersect on the middle curve. 


Charts from Mathematical Equations. 


THEORY.—The theory of the analytical construction of nomographic charts 
is simple, but if there are more than four variables the calculations may become 
involved. 

The condition for a straight line to intersect three curves at (x4, Va), (%», Vv), 


| (Xe, Ye) is 





vo — Ya — Me soak 
Xp — X% Xe — Xs 
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or in determinant form as in (A). 
then y = y, and x = x, are the equations which define the locus of a and enable 
the scale of ato be drawn. The scales of b and c are obtained in a similar manner. 
The noteworthy features of determinant E.1 are (1) functions in one row contain 


Ka 





Ye 


only one variable not found in the other two rows, and (2) the elements of one 
column are unity. This is all the theory needed for simple nomograms. The 
problem remaining is to convert any formula or equation into the form of 
determinant E.1. 

For example, suppose the equation a — b = c is to be represented by a nomo- 
graphic chart. First the equation would be written in determinant form as in 
(B) and then rearranged in the form of E.1 by adding column 2 to column 3 and 
dividing throughout by the new column 3, giving (C). 

By analogy with E.1 it now follows that y, = a4; %, = 1; Vp = $0; % =}; 
Ve= —c; and x,=o. If the units of measurement are to be inches, scales 
a and b are seen to be } in. apart, anda andctin. apart. Since the multiplication 
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ly, | of any row or column of a zero determinant by a constant does not affect its value, 
ale column 2 can be multiplied by 4 to make scales a and b 2 in. apart. The scales 
er. of magnitudes a, b, and c can also be modified by means of this device. In 
uin Fig. 5a,the nomogram is drawn with rectangular axes; an improvement in the 
accuracy and compactness of the chart is made in Fig. 5b simply by plotting the 

) values of x along an oblique axis. 


Example. 
one As a result of analysing experimental and published data it was found that 
rhe the relation between the strength of 6-in. concrete cubes in Ib. per square inch (s), 
of the age of the concrete in days (D), and the water-cement ratio by weight (R), 
is given approximately by 
no- ifeD 
3 in s) —a = —-| ——_ — c|[R+ d] 
and fs) b Ee +1 | 


in which a, b, c, and d are arbitrary constants depending only on the type of 


ales, Cement, and f(s) = logy, _. In determinant form this equation becomes (D). 
ei) I00 











Red { | Rd) 1 | 
} | ¢ 
(D)| i. 2 , c (E) 6 1 (A 1 | -0 
si -¢-b 
| fs-a ° 1 | fis)-a 0 1 
| 11 43 (@ +04 7999) 20a 1 | 
(F) 0 20A i =O 
| 11.430 log, 18 -2.4658) 0 1 





Adding column 2 to column 3, and then dividing throughout by column 3, we 
obtain (E) which is in the form of determinant E.t. The constants for the 
equation are as follows. 


Ordinary Portland cement: a = 2-465800, b = 0:352859, ¢ = 1°349503, 
|d = 017999. 


Rapid-hardening Portland cement: a = 2-465800, b = 0-611942, c = 1°585518, 
|d = 0°17999. 


Constants a and d are common to both types of cement, so that only one set of 
scales for the water-cement ratio R and strength s need be drawn. The constants 
for the age-scales D differ: these scales must therefore be divided differently for 
‘ach type of cement, but since the value of y is common to both the same straight 
ine represents both scales. 

The determinant used for plotting the nomogram is as in (F). To facilitate 
the plotting of the s-scale on the nomogram shown in Fig. 6 logarithmic graph 
ps with a log-cycle of 11-43 cm. was used, and column 1 is multiplied by the 


actor 11-43 so that the scales should correspond. Column 2 is multiplied by 
20 to ensure that the scale of D has a reasonable length, and the values are plotted 
l an oblique axis to reduce the overall size of the chart and improve its accuracy. 
9 
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Complex Nomograms. | 


When dealing with equations with more than three variables it is necessary} 1" 
to use two or more determinants linked together by reference lines. As an ¥® 
example, consider the equation ab — cd = 0. In determinant form it becomes ral 
(G), which cannot be put into the form of E.1. If, however, cd is represented sor 


as | 
3 d al ‘y | |’ ‘| ae 

mee fe, MP “5 \ 
c ° 1 | | P ° : > 


by #, then ab + ~ = 0, which in determinant form becomes (H), both of which 

can be rearranged in the form of E.1. It is important when rearranging the 
determinants to make the row containing the reference variable the same in! 
both, to ensure that the reference line has the correct position relative to the 
other two scales and the same magnitude of scale in both determinants. Most 
equations with four or five variables can be represented fairly easily in this way, 
after some experience, but when there are more than five variables the method 
outlined in the following is quicker. 
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The procedure is to split the original equation by means of reference variables 
into a number of other equations, each of which contains not more than three 
variables. Each of these is then operated on by a non-zero matrix, the constants 
of which are solved to meet the scale requirements. The matrix normally used 
for this purpose is as in (1), which, when used as operator on a determinant such 


, as (J), yields (K), or in the form of E.1 it yields (L). 


rich 
the 


» tan 
> in 


the 
Lost 
vay, 
‘hod 


1 i) i) 

















|% x 2 
MW) }a ba &)#e (3) | Ye Xs Z| <0 
a, ° cy] M % Z 
Y, +%iGs + Zas %1 Oe : 
x, ¢, Z,¢ 
Vi +Hs82 2% a, MQ Qt 2G a + igi as 
| Xb 
(K)| Ya *Xe@e 2a, eb, Xp + Za =0 (L)| Ye +%e8e+ 22s 2% ‘ a 
} KeCa + Zals Kale + Zely 
| Ye *XrGer2y@, Xb KG + ZyCy b 
ys +X, 4,+ 2,45 Ks ; 
KyCg + ZyCy Mala + Zils 


The conditions used to determine the constants a, b, and ¢ are normally 
(1) width of diagram, (2) length of scale of two variables, and (3) limiting values 
of two variables. To illustrate the method, consider the equations used for 
estimating quantities of concrete: 


e(o-sx7 =o . oF R) 
,and V = : : 


1685 
> 62-4 


W — 
0°317 + = +R 


‘in which W is the weight of cement (Ib. per cubic yard of finished concrete), 
P the aggregate-cement ratio (by weight), r the specific gravity of the aggregate, 
R the water-cement ratio (by weight), V the volume of concrete (cu. ft. per batch), 
and c the weight of cement per batch. To produce equations containing not 
more than three variables, the following substitutions are necessary: 


2 


u = (0-317 + R) + w, in which w aX. 
7 


1685 
u 


cu 
- V=—(@). 
@); v= 
| These are the equations to be put into the form of E.1 by means of a matrix. 
Equation (1) is the simplest since it contains only two variables and will therefore 
| be considered first. The remaining equations are considered in the same way. 


EQUATION (1): = —«=o0. This is shown in determinant form in (M), 


Hence W = 


(1); « = (0-317 + R) + w(2); w=7 


which on rearranging becomes (N). 

Operation with the non-zero matrix (I) gives (O), which in nomographic 
form becomes (P). 

SOLUTION OF CONSTANTS.—(i) Make u-scale such that when u = I, y = 1; 
jand when u = 6,y = 5. Theni + a, + a,=c, + c,and6 + a, + a3 = 5€_ + 5€3. 
Hence a, + ads = } (a) and c, + c, = § (b). 
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(ii) Let 1000 on W-scale be at y = 7, and 300 on W-scale be at y = 2. 





Then (I — a,)1000 + 16854, = 9 (3, and (I — a,)300 + 16854, = 2 (d). 
1085¢, 1000¢, 1685c, — 300¢, 
Solving equations (a), (b), (c), and (d), a, = — 0°479, a3 = 0°729, Cc, = 0°640, and 
Cz = 0-610, and the determinant now becomes as in (Q) or (R). 
(iii) Let the distance between the u-scale and the farthest point on the 
W-scale (at W = 1000) be fo in. 


1000), 


Then o-8ob, = 10, and b, = 2-96. 


1028 — 640 
The final form of the determinant is as in (S). 

In Table 1 are shown some of the co-ordinates used for setting out the chart, 
and Fig. 8 shows the relative positions of the scales. 

The determinants for equations (2), (3), and (4) are found by the processes 
outlined for equation (1), and the complete nomogram is shown in Fig. 7. The} 
solution of each equation in turn establishes the position of other axes, which 
are superimposed on those previously established. For example, the relative 
positions of the axes for y and R are found from equation (2). 

The graphical constructions described in the foregoing have been found 
useful for the representation of empirical data. The analytical methods should 
not be difficult to those well versed in algebra, but the beginner is advised not 
to attempt the matrix method before drawing a nomogram by one of the simpler 
methods. The pitfalls are few, but real, and it is only with experience that they 
can be avoided. 
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Fig. 8. 
TABLE I. 
Ww 300 400 500 | 600 700 | 800 900 | 1000 
-x 1.06 | 1.53 | 2.09] 2.76 | 357 | 456 | 5.68 | 7.64 
y 2.00 2.36 | 2.78 3.26 | 3.91 4.65 65 7.00 
— _ 
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A Structural Laboratory in U.S.A. 


A NEW laboratory for the Portland 
Cement Association of America has a test- 
floor 120 ft. by 56 ft. for testing beams, 
slabs, and other structural members. A 
slab the size of the entire floor can be 
tested to destruction, and slabs can be 
subjected to loads up to 30,000 lb. per 
square foot. The floor is of cellular 
construction 12 ft. deep and comprises a 
top slab 2 ft. thick, a bottom slab 18 in. 
thick, and five longitudinal vertical webs. 
The top slab is perforated with holes of 
24-in. diameter at 3 ft. centres in two 
directions. A force of 100,000 Ib. acting 
vertically in either direction can be 
resisted at each hole and the capacity of 
the entire floor is about 4460 tons. 

The laboratory is equipped with hy- 
draulic jacks capable of exerting a total 
force of about 1800 tons. Four Swiss 
hydraulic jacks, each capable of applying 
a load of 22,000 lb. at the rate of 250 or 
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500 times each minute are available for 
cyclic load tests. The loads on jacks 
are measured by oil-pressure gauges. 
Moments, applied forces, and shearing 
forces are measured by electronic devices 
designed and made by the staff of the 
laboratory. Strains are measured by 
mechanical and electrical strain-gauges 
and are recorded by hand-operated strain- 
indicators or by automatic recorders. 
Deflections are measured by gauges or by 
levelling, which are accurate to 0-002 in. 
Movements at a distance from any fixed 
point are measured by triangulation which 
is accurate to o-o1 in. Horizontal forces 
are resisted by the frictional forces de- 
veloped by fastening concrete buttresses 
to the floor with highly-stressed bolts; a 
coefficient of friction of 0-5 is generally 
sufficient for this purpose, but a coefficient 


of almost unity can be developed by this co 


unusual method. 
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NEW RAILWAY WORKS AT ILFORD. 


New Railway Works at Ilford. 


CARRIAGE SHED, WATER TOWER, AND CHIMNEY. 


A CARRIAGE shed, a boiler house, and a 
water-tower to supply water for washing 
carriages in the shed have been erected 
at Ilford for the Eastern Region of 
British Railways. 

Carriage Shed. 

The shed (Fig. 1) is 653 ft. long and 
250 ft. wide and has a roof of aluminium 
carried on castellated steel purlins which 
are supported on prestressed concrete 


beams extending transversely over four 
The end spans are 66 ft. wide and 


bays 


by two }-in. bolts passing through vertical 
flanges on the ends of each beam and 
through the top of the column. The 
bolts are provided with spring-washers to 
allow small movements at the ends of the 
beams. On the soffit of each beam, at 
the seating, there is a 1}-in. steel plate 
which bears on a pair of plates fixed to 
the corbel on the column (Fig. 3). A 
gasket of reinforced plastic is inserted 
between the plate on the beam and the 
upper plate on the column. Sheet lead 
} in. thick is provided between the lower 





the intermediate spans 61 ft. wide. The 
columns supporting the beams are also 
of prestressed concrete, double columns 
being provided at each of the two ex- 
pansion joints across the shed. Trestles 
of precast columns braced by horizontal 
reinforced concrete beams cast in place 
act as buttresses at the ends of the shed 
to resist the pull exerted by the overhead 
electric conductor wires. The floor com- 
prises platforms of prestressed slabs 
between the rail tracks. The foundations 
are on clay. 

The roof beams are carried on corbels 
on the columns (Fig. 2) and are designed 
to be freely supported. They pre retained 
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Fig. 1.—Carriage Shed. 


plate and the concrete corbel. The top 
of the corbel was ground to a smooth 
surface and the lugs on the underside of 
the lower plate embedded in lead in 
pockets in the corbel. A_ high-tensile 
steel pin fixed in the upper plate projects 
into the plate on the beam. After the 
beam was placed in position, the two plates 
on the column were welded together by 
medium-heat tack-welding so that the 
joint is capable of transmitting the hori- 
zontal wind forces to all the columns. 
The beams are prestressed with pre- 
tensioned wires and are identical, except 
that the beams for the end spans also 
contain a curved post-tensioned cable and 
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the web is thicker at the end of each beam Water Tower and Chimney 
to provide space for the cable. The same mm We q iS 

moulds were used for all the beams, but The water tower (Fig. 6) is built around 
were modified for the thicker web. The @ reinforced concrete chimney connected 
calculated tensile stress in the concrete ‘© the boilerhouse. The chimney, which 
under working load is 750 lb. per square 1S about 68 ft. high, was erected first and 
inch. There are 88 beams and all were ‘5 OM a circular raft separate from the 
tested before erection. foundation of the water tower. The ex- 

The columns are of I-section and it is ternal diameter is 4 ft., and the wall is 
claimed ‘that their cost is two-thirds that 
of square reinforced concrete columns. 
They are prestressed by pre-tensioned 
wires which produce a compression of 
450 lb. per square inch in the concrete. 
They are also reinforced with twisted 
ribbed bars to resist bending. 

The floor slabs which cover the ducts 
between the. rail-tracks inside the shed 
were cast in wooden moulds on a pre- 
stressing bed at a precasting works (Fig. 4). 
The top faces are slightly dished to drain 
away water during the washing of car- 
riages. An indented non-slippery surface 
was produced by pressing small-gauge 

































































































































expanded metal into the top of the slab 5 
before the concrete had hardened. A lin 
watertight filling is formed in the joint se; 
between the slabs by inserting a plug of | Fo 
dry mortar at the bottom of the joint, shi 
wet mortar in the rebates in the sides : su 
of the slabs, and a bituminous seal at Fig. 2._Assembly at Top of Columns. | © 
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Fig. 4. 





5 in. thick plus a 4$-in. refractory-brick 
lining. The cap comprises eight precast 
segments of sulphate-resistant concrete. 
For a distance of 3 ft. from the top the 
shaft is 44 in. thick, and there is an in- 
sulating layer 4 in. thick between the 
concrete and the lining. At the connec- 
tion of the flue with the shaft, the con- 
crete cast in place is lined with refractory 
brick on the bottom and sides and a 
precast lintel (L) and slabs (B), both of 
refractory concrete, are provided at the 
top. The expansion gap between the 
connection to the shaft and the flue is 
covered by a strip of asbestos cloth 12 in. 
wide (R). The cavity in the base of the 
shaft is lined with ordinary brick and 
filled with consolidated hardcore, the sur- 
face of which is covered with a 2-in. layer 


Making Prestressed Floor Slabs. 


of lean concrete on which the refractory 
lining of the shaft is laid. 

The water tower is of reinforced con- 
crete. The tank is 28 ft. diameter and 
about 1o ft. deep and has a capacity of 
30,000 gallons. The bottom of the tank 
is 51 ft. above the ground and is sup- 


ported on six braced columns. The 

foundation slab (Fig. 5) is annular. The 
5 

tank is also annular and is entirely 


separate from the chimney which passes 
through the centre. To ensure freedom 
of movement due to the pressure of the 
water the outer wall is not monolithic 
with the bottom or the roof, and the inner 
wall is also separate from the bottom. 
Details of the joints between the walls, 
the roof, and bottom are shown in Fig. 6. 
The slab at ground level comprises a 6-in. 





Fig. 5.—Foundation of Water Tower. 
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Fig. 6.—Section Through Water Tower and Chimney. 
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reinforced concrete slab laid on 3 in. of 
consolidated clinker. For a width of 
about 4 ft. the slab is paved with cobble- 
stones (C) set in cement. 

The design and construction of the works 
were under the general direction of Mr. A. 
K. Terris, M.I.C.E., Chief Civil Engineer, 


RESERVOIR AT MIDDLESBROUGH. 


Eastern Region of British Railways. The 
general contractors for the shed and water 
tower were Messrs. W. & C. French, Ltd., 
who made the slabs for the floors. The 
chimney was erected by Messrs. Tileman 
& Co., Ltd. The columns and beams 
were precast by Costain Concrete, Ltd. 


Reservoir at Middlesbrough. 


A SERVICE reservoir Of 10,000,000 gall. 
capacity constructed for Imperial Chemi- 
cal Industries, Ltd., for their works at 
Wilton, is shown in Fig. 1. It is cut into 
a hillside with a slope of I in 10, and re- 
quired the excavation of 108,000 cu. yd. 
of hard clay. The formation was covered 
with 4 in. of plain concrete upon which an 
8-in. reinforced concrete slab was laid 
over an area of 10,600 sq. yd. The floor, 
which has a crossfall of 8 in., was con- 
structed in bays of 28 ft. 3 in. by 20 ft. 
with PVC hydrofoil waterstop placed con- 
tinuously throughout the intersections of 
all the slabs and the walls; the joints 
between the bays were filled with mastic 
compound. The PVC waterstop was butt- 
welded on the site to suit the sizes of the 
bays; the material for the intersections 
was formed before delivery to the site. 
The reinforcement comprises two layers 
of steel fabric and is continuous through 
all the construction joints, which amount 
to about 60 per cent. of all the joints in 
the reservoir. 

The sides slope at 14 to 1 and are lined 
with a concrete slab 8 in. thick reinforced 
with two layers of steel fabric. The 
trimmed sides were coated with a latex 
emulsion to maintain the moisture con- 








Fig. 2. 


tent of the clay prior to the concreting of 
the sides. The depth from the floor to 
top water level is 15 ft. Fig. 2 shows the 
general arrangement. 

The concrete was specified to have a 
crushing strength of 3500 lb. per square 
inch at seven days, and a plasticiser was 
included in the mixture. The work was 
designed and supervised by the engineer- 
ing staff of Imperial Chemical Industries, 
Ltd., and done by Messrs. A. Monk & Co., 
Ltd. 





Fig. 1. 
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Book Reviews. 


** Civil Engineering Contracts and Or- 
ganization.’’ By J. C. Maxwell-Cook. 
(London : Cleaver-Hume Press, Ltd. 1959. 
Price 22s. 6d.) 

Tuis book, which is written for young 
resident engineers and contractors’ agents, 
provides a good descriptive guide to con- 
tractual’ procedure in connection with 
civil engineering. The author is at his 
best when dealing with matters concerning 
the contractors’ operations and organiz- 
ation. In other matters some details are 
questionable ; for example, the contract 
drawings need not give information re- 
garding the nearest sand and ballast pits 
and local labour exchange ; nor is the 
quantity surveyor responsible for the 
specification, which must be the engin- 
eer’s responsibility. Typical specifica- 
tions are given for excavation, concrete, 
prestressed concrete, brickwork and 
masonry, steelwork, piling, waterproofing, 
sewers and drains, roads, railways, and 
timber construction, but these should not 
be accepted as models as many of the 
poorer features of common specifications 
are reproduced. The short specification 
for concrete is weak. The descriptions of 
the requirements range from extreme 
looseness to such rigid stipulations as 
“the concrete shall be watertight ’’ and 
shall be cut out if it does not pass the 
tests required by the engineer ; unless 
such tests, and many other requirements, 
are described in the specification it is un- 
reasonable to expect “‘ truly competitive 
tenders to be obtained ’”’ and to avoid 
disputes regarding the interpretation of 
the specification as the work proceeds. 


of Non- 
(London : 
Publications. 


** Mechanical Properties 
metallic Brittle Materiais.”’ 
Butterworth’s Scientific 
Price £4 10s.) 

A CONFERENCE on non-metallic brittle 

materials, organised by the Mining Re- 

search Establishment of the National Coal 

Board, was held in London in April 1958, 

and the proceedings are published in this 

volume of 492 pages. The subjects dis- 


cussed were (1) strength in compression, 
bending, and shear, (2) elasticity and 
creep, (3) dynamic loading, impact, and 
fragmentation, 
tools. 
coal, 


and (4) the action of 
The materials dealt with include 
concrete, gypsum, bricks, glass, 


278 





rocks, ceramics, carbon and graphite, and 
stone. The papers on tools relate to the 
effect of the angle of blades, friction, 
the force required for penetration, and 
the cutting and ploughing of coal. The 
papers on concrete deal with the failure 
of test specimens in compression and 
bending ; elasticity, creep, and shrinkage ; 
the effect of the rate of loading; the 
strength of beams under dynamic loading ; 
and the penetration of roller bits. 


“Plastic Design of Steel Frames.” By 
Lynn S. Beedle. (London: Chapman & 
Hall, Ltd. Price £5 4s.) 

TuIs is claimed to be the first book pub- 

lished in the U.S.A. which deals solely 

with the subject. The first six chapters 
deal with the theory and methods of 


analysis, and the remainder of the 400, 


pages describe design procedure including 
examples. The author states that the 
application of the ultimate-load method 
of design to steel structures was first 
propounded by Dr. Kazinczy in Hungary 
in the year 1914. The results of the 
investigations of Professor J. F. Baker 
at Cambridge University were published 
in 1949, and the application of the method 
to concrete structures is described by 
Professor A. L. L. Baker, of Imperial 
College, London, in his book ‘“‘ Ultimate 
Load Theory Applied to Design of Rein- 
forced and Prestressed Concrete Frames ”’ 
published in 1956. 


“ The Frost Resistance of Cement Paste 
as Influenced by Surface-active 
Agents.” By Ulf Danielsson and Anders 
Wastesson. (Stockholm : Swedish Cement 
& Concrete Research Association. No price 
stated.) 

A REPORT on an investigation of the effect 
on the resistance to frost of concrete con; 
taining surface-active chemicals used for 
improving workability and watertight 
ness. The view is expressed that the 
difference in the sizes of the pores in con- 
crete is important, and a formula is give! 
for estimating the resistance of concret# 
to frost taking into account the air con 
tent of the cement paste, the specifi 
surface area of the pores, the water 
cement ratio, the age of the paste, thé 
conditions to which the concrete will bé 
subjected, and other factors. 
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(& Re DESIGN OF SLABS FOR RECTANGULAR TANKS. 


Design of Slabs for Rectangular Tanks. 


By G. P. MANNING, M.Eng., M.LC.E. 


THE accompanying charts facilitate the design of the walls and bottoms of 
rectangular containers of liquids and can be used when the bending moment 
causes tension in the face in contact with the liquid. The requirements and 
stresses are in accordance with the proposals for a British Standard Code for 
such structures. There are two conditions for design. 

(1) For 1: 1-6: 3-2 concrete a compressive stress of 1200 lb. per square inch 
in the concrete and a tensile stress of 12,000 lb. per square inch in the reinforce- 
ment should not be exceeded. The tensile strength of the concrete is neglected 
in this calculation. The modular ratio m is assumed to be 15. The curves 
marked “ strength ” in Figs. 1, 2, and 3 show the bending strengths of rectangular 
members reinforced in tension only or in tension and compression for three 
positions of the reinforcement. Fig. 1 usually applies to slabs about 5 in. thick, 
Fig. 2 to slabs about g in. thick, and Fig. 3 to slabs about 20 in. thick. 

(2) Assuming that the concrete is uncracked and that m is 15, the tensile 
stress in the concrete should not exceed the safe tensile stress p,, in bending. 
This provision is intended to ensure the absence of cracks. The bending strengths 
of rectangular members with ~,, = 300 Ib. per square inch are shown by the 
curves marked “‘crack’’ in Figs. 1, 2, and 3. If any other safe tensile stress 
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is specified the moment-of-resistance factor for any given percentage of re- 





inforcement is obtained by multiplying the factor on the diagrams by aa Re- 


commended values of ~,, are 270 Ib. per square inch in 1: 1-6: 3:2 concrete 
and 245 lb. per square inch in 1: 2:4 concrete. Except when the percentage 
of reinforcement is very small, these curves are much below those marked 
“ strength ”’. 

For a rectangular section with reinforcement in tension only, with working 
stresses of 1200 lb. per square inch in the concrete and 12,000 lb. per square 
M 
bd,? 
required is 3 per cent. of the area bd,. Because the second recommendation is 
based on the overall depth d whereas the first is based on the effective depth 


inch in the reinforcement, and m = 15, = 288, and the reinforcement 


a ee : , 
d,, the ratio 7 is important. The bending strengths in Figs. 1, 2, and 3 are 


therefore shown in terms of bd? and the percentage of reinforcement in terms 
of bd. In Fig. 3, for example, d, = 0-9d, and if the area of the tensile reinforce- 



































































































































































































































































































































ment is 3 per cent. of bd, (that is 2-7 per cent. of bd) and A,, = 0, then pdt 233 
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curve marked “crack ’”’ is about 100, which is only about 42 per cent. of that 
given by the curve marked “strength’’. It follows, therefore, that design for 
“no cracking ’’ determines the thickness of the slab, and design for ‘‘ bending 
‘strength ’’ determines the amount of reinforcement. 

The walls of reservoirs may be subjected to a resultant pressure on either 
face, depending on whether the reservoir is empty or full, and reinforcement must 
therefore be provided in both faces. If d, = o-gd and A,, = Ay the curves in 


200 


Fig. 3 marked “strength” and “ crack ”’ intersect at about bd 70, and the 
area of reinforcement is 0-75 per cent. of bd at each side. 

100 The foregoing considerations apply to unlined reservoirs. Ifa reliable plastic 
lining be used which is capable of stretching and bridging over a crack about 
0-001 in. wide, stresses of 1200 Ib. per square inch in the concrete and 18,000 Ib. 
per square inch in the reinforcement to resist tension could be adopted, without 
reference to the tensile stress in the concrete. 

EXAMPLE.—A dividing wall in a reservoir is to be designed as a cantilevered 
slab to resist a head of 15 ft. of water acting on either side. 





1 M = - x 62°5 x 15% = 35,200 ft.-lb. = 422,000 in.-lb. per foot of wall. 
Assume = to be o-g. The curves marked “ strength A,, = A,,’’ and “ crack 
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A,, = A,y”’ in Fig. 3 intersect at bd? 70, and the percentage of reinforcement 
422,000 be 

— = 22:4 im., Say, 
70 X 12 
22$in. A,, = Ay = 0°75 percent. of 12 x 22:4 = 2:02 sq.in. Provide 1-in. bars 
at 44-in. centres. If the cover is 1} in., d; = 20} in. = o-g1d ; if the cover is 
2 in., d, = 20 in. o-89d. Both values are sufficiently close to the assumed 
value of o-gd. 

The observance of the “ no-cracking ”’ rule leads to a much thicker wall than 
is required for strength alone, but this does not mean that such a design is 
uneconomical. In the example given, with stresses of 1200 lb. per square inch 
in the concrete and 12,000 lb. per square inch in the reinforcement, sufficient 
strength could be obtained with a wall 13 in. thick reinforced with 1-in. bars 
at 23-in. centres at each face. Assuming that the wall tapers uniformly to a 
thickness of 7 in. at the top, the average thickness would be reduced from 14} in. 
to 10 in., with a saving of 32 per cent. of the concrete (0-22 cu. yd. per foot of 
wall) but an increase of nearly 100 per cent. of the main reinforcement (1-1 cwt. 
per foot of wall). 


is 0°75. The least permissible overall depth d is F 


Polystyrene as Shuttering. Concrete Demolished by Powder 


THE curved walls and roof of a church Lances. 


in Houston, Texas, U.S.A., will be formed Ty demolition of a turbine-testing pit 
of a layer of foamed polystyrene on to at Schenectady, New York, U.S.A., by 
3 means of powder lances has recently been 
completed. The lance comprises a handle 
to which are attached one or more pieces 
of iron pipe. Powdered iron, powdered 
aluminium, and oxygen, are supplied to 
the lance; the materials are mixed in the 
handle, and when ignited produce a high- 
velocity flame at the end of the pipe. 
The powdered iron is rapidly oxidised in 
the flame, thereby greatly increasing its 
temperature and cutting action. 

The pit was hexagonal in plan and con- 
sisted of two concentric walls, the outer 
being 4 ft. thick and the inner 3 ft. thick. 
The walls were 6 ft. apart, the space 
between them being packed with sand. 
Cuts were former at the rate of 18 in. per 
hour, the concrete being divided into 
sections measuring 20 ft. by 16 ft. and 
weighing 18 tons; the sections were 
which concrete will be sprayed to a thick- removed by means of a crane. It is 
ness of 14 in. The plastic will serve as stated that a considerable saving of time 





insulation when the structure iscomplete ; and cost was achieved by the use of the 
it is stated to be pliable and easily formed method. Cuts have been made in this 
to the required shape. way in concrete with a thickness of 12 ft 
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5 | (& Soe e ON | DESIGN OF HELICAL STAIRCASES. 


Design of Helical Staircases—3.* 


nt 
Statically-Indeterminate Cases. 
Ly, By JACQUES S. COHEN. 
urs Example. 
r Consider the staircase shown in Fig. 6, in which a = 2 ft. 11 in., a, I ft. gin., 
1e¢ 
: nm é : 
a, = 5 ft. 3in., 0d 5 240 deg. = 4°18879 radians, and the height is 11 ft. 3 in. ; 
3 


_js| timber treads 3 ft. 6 in. long and 2 in. thick are fixed to a helical reinforced concrete 
ich | beam 1 ft. 13 in. wide and 8} in. deep. From equation (13), 


ent h 3% 11-25 c 2-687 
o C=m—-=* : 2687; cotd=-= = 0°922; ¢ = 47° 20; 
ars F - 87 a 7008 9 b = 47 
oa 
tes sin d = 0°735; cos¢ = 0°678; tan¢d = 1-085. 
. , sin 0°735 
bof From (14), K = - $ _ 0735 0°252 ; 
wt. a 2°918 
a 
s (length of helix) . 4 16-63 ft. ; 
K 3% 0252 
_ re -253 I°7 3 
R (position of centroid of each tread) 5 c 79” = 3°785 ft. 
5°25" — 1°75? 
The weight of the beam is 1915 lb. and the weight of treads and live load (60 Ib. 
, per square foot) is 3935 lb., the total being 5850 lb. 
850 
_ pit) Therefore w = ee 352 lb. per foot of beam; and 
, by 16°63 
been 3035 
indle m= >=~~ x (3-785 — 2-918) = 206 ft.-lb. per foot of beam. 
ieces 16°63 
lered K I 8-5 \2 
-d to} From equation (35), «¢= = =— = ( 4 m= Ooo » 
n the Kk, TI, 13°5 
high- I E 12-5 x 8: 3 - 
pipe. o=_. “4 = 3°57 5 x / — 0°957.- 
ed in J G I2 X 0:203 X 13°5 X 85% 3 
ig its 


From equation (53), &, = 0°654; & = 431; & = 1°70; & = 0°279. 


| con- Inserting these values in. equation (56), 


Shick. d, = 12°0. d, = 3°0. 

space | &, = 5°90. &g = — 475. 

sand. Si = 34,425. Sf, = — 37,910. 
o> From equations (55) and (57), the values of the six constants are found as follows : 
- C, = — 1983; C,= — 394; Cy = — 682; 

were . 7 . 

It is C,= — 6277; C,=— 821; Cy= + 7455. 
f ae Substituting these in (24), the forces and moments are obtained as in (58). 
of the 
n this 

12 ft * Continued from July, 1959. 
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T, = — 394 sin 6 — 682 cos @ +- 9470 — 1983. 

T,, = + 928 sin 6 536 cos 6. 

T, = + 363 sin 8 + 629 cos@ + 10270 — 2152. \. (58) 
M, = — 821 sin 8 + 7455 cos # + 18346 sin 0 — 10608 cos 6 + 29970 — 6277. 
M,, = — 7645 sin 6 — 2558 cos@ + 14420 sin 6 + 24946 cos@ + 4893. 
M, = + 2883 sin 6 — 3191 cos @ — 16910 sin 8 + 9776 cos @ — 27636 + 5788. 


From equations (58), 


T= 2665 Ib. ; Tas = + 2665 lb.; 
Tno = — 536 Ib. ; Tate = — 536 Ib. ; 
Tue = 1523 lb. ; Tye = + 1522 lb. 
Mig = + 1178 ft.-lb. ; Mas = — 1178 ft.-lb. ; 
Many = + 2335 ft.-lb. ; Ms = + 2335 ft.-lb. ; 
My, = + 2600 ft.-lb. ; M,sa = — 2600 ft.-lb. 


These values satisfy equations (31) ; equations (58) are therefore correct. 
The maximum and minimum values are obtained by differentiation : 


“ = — 394 cos # + 682 sin@ + 947 = 0: no roots, therefore T, increases as 
6 increases. 
aT,, , . . « , 
—" == + 928 cos 4 + 536sin @ = o when # = : T,max. = + 1072 lb. 
dé 3 , 
a ee . ang 5 4 
7 an 363 cos 9 — 629 sin @ + 1027 = 0: no roots, therefore 7, increases as 
6 increases. ' 
dM, ' ee 
ion 1881 cos § — 5621 sin + 18346 cos 6 + 10606 sin # + 2997 = 0 
when @ = 00-1154” (M,max. = + 1365 ft.-lb.) and when 
6 = 12179” (M,min. = 1365 ft.-lb.). 
dM,, ' E 
—— 5151 cos + 4000 sin # + 14428 cos @ — 24940 sin? = 0 F 
4 
when 9 = 0°4512 (M,min. = — 494 ft.-lb.) ; 
when 0 = (M,max. = — 445 ft.-lb.); and when 
3 
6 = 0-882x (M,min. = — 494 ft.-lb.). 
dM, 7 , . A sj 6 
—=+ 3860 cos 9 + 1500 sin 9 — 16919 cos 8 — 9776 sin @ — 2763 = 0 
when 6 = 0-20232 (M,max. = + 3038 ft.-lb.) and when 
§ = 1-1310” (M,min. = — 3038 ft.-lb.). 
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Fig. 13.—Diagram of Forces and Moments with Both Ends Fixed. 
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SECTION A-A. 
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wy 


PLAN OF STAIRCASE 





Fig. 14. 


Diagrams of forces and moments are shown in Fig. 13. In accordance with 
the sign conventions shown in Figs. 1 to 5, the normal forces are tensile at 
the top and compressive at the bottom of the staircase. The bending moment 
about the x—x axis causes tension at the bottom face of the beam when it is | 
negative, and the bending moment about the y—y axis causes tension at the inner 
face of the beam when it is positive. 

The solution applies not only to the case of the staircase shown in Fig. 6 
but also if the section is uniform, as shown in Fig. 14. Appropriate values of 
é and o must of course be used. 


Comparison between Staircases with Both Ends Fixed and 
Both Ends Simply Supported. 


The internal forces and bending moments for both cases are superimposed 
in Fig. 15. It is apparent that the moments differ considerably, and if full | 
restraint occurs at the supports a more slender and economical staircase can be 
used. 

For a large helical staircase with fixed ends, a convenient method of design 
is as follows. The values of the six constants for a simply-supported staircase, 
which are independent of the moments of inertia, are first obtained, and the 
torsional and bending moments at the supports are calculated. From these 
values the required section can be estimated, allowing for the reduction due to | 


286 August, 1959. 


sed 
full 
1 be 


sign 
ase, 
the 
hese 
e to | 





TOP OF STAMmCASE : eT Compmessive | 
rine 7 . — 4 ee NORMAL FORCE 
L_—_— ! OF STAIMCASE LB. 
+ — ' ' 

- 2665 —— A, . . 
- 2944 Neditisio 

: eT Treen 

° —F— +1072 a SHEAR FOR 

——— } } j 4 | on : x~K ORCE 
-36 == 3 
-755 - 


| SHEAR FORCE 
Y-v 
LB. 
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Fig. 15.— Forces and Moments for Fixed-Ended and Simply-Supported 
Staircases. 
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the fixed ends. Values of ¢ and o can then be calculated and the girder designed 
with both ends fixed. 


For smaller staircases the assumption of simple supports is conservative, and 


additional reinforcement can be placed at the supports to allow for the effect | 


of fixity. In either case the use of the formule derived in these articles enables 
a rapid and exact analysis to be prepared. 


(To be concluded.) 


FIFTY YEARS AGO. 


From ‘‘ CONCRETE AND CONSTRUCTIONAL ENGINEERING ”’, July-August, 1909.* 





REINFORCED CONCRETE GASHOLDER.—A large gasholder recently constructed at Reick, 
Dresden, has a capacity of 3,300,000 cu. ft. The structure consists of three parts: 
a ring-shaped container and an enclosing wall both of reinforced concrete, and a steel 
frame domed roof and lantern. The container is constructed for a depth of water of 
32 ft. 10 in. and also serves as the foundation of the enclosing wall. The thickness 
of the container wall at the upper part is 2 ft. The enclosure wall consists of a plinth, 
24 ft. 11 in. high and 2 ft. 5 in. thick, a main wall 78 ft. 2 in. high with panels 8 in. thick, 
and an upper ring and cornice 30 ft. 4 in. high. The five towers with internal stair- 
cases are added chiefly for architectural reasons. They are not rigidly connected with 
the wall, as such a construction might cause cracking during changes of temperature. 


* “Concrete and Constructional Engineering" appeared in alternate months until September, 1909. 
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i | Causes of Accidents. 
j | On building and civil engineering works this regulation would have prevented the 
| in Great Britain there are an average of  accident.] 
t | about 15,000 accidents a year causing ERECTING PRECAST SLABS.—During the 
S | injury to men employed on the sites, and _ construction of a house two precast 
of these more than 200 are fatal. A re- concrete wall slabs, each measuring about 
cent number of the journal “ Accidents” 6 ft. by 8 ft. by 34 in. thick, were placed 
(published by H.M.S.O. at 1s. 3d.) gives 3 ft. apart and parallel to each other to 
| examples of typical accidents, allof which form a passage. They were kept apart 
| could have been avoided. Some of these by two laths nailed to wooden blocks set 
' are described in the following. in the top of each panel, and at the bottom 
EXxcavaTIon.—A trench 4 ft. wide and they were secured by wedges and fixing- 
12 ft. deep was being dug by a mechanical plates. A man climbed a ladder placed 
excavator and the material dumped against one of the panels in the 3-ft. pas- 
| parallel to a side of the trench. It would sage, his weight pushed the panel over, 
} have been easy to have placed the material and this in turn pulled the other panel 
well clear of the trench, but it was within on to him and inflicted severe injuries. 
a foot of the edge. The excavated [Such slabs should always be fixed, even 
material contained boulders weighing up temporarily, so that they are capable of 
to 1 cwt. Some of the material fell on resisting the push from a ladder or the 
two men in the trench and one man was_ effect of a gust of wind. Instructions 
killed. The risk of falls of the excavated that ladders must not be placed against 
material did not occur to the contractors. such slabs or that they must not be 
[Building Regulation No. 78 requires climbed until they have been fixed 
that material must not be placed near permanently have been proved to be 
| the edge of an excavation where it will inadequate.] 
endanger anyone below; observance of CoMPRESSED-AIR TOOLS. A com- 
—the best, big, British 
DIESEL 
OR 
BAR CROPPER .::.. 
? 
| Eccentric motion 
enables the cutting 
blades to be opened 
or closed to suit the 
ck, rops single bars diameter of the bar, 
tS: up to I} inches without having to 
eel Wiameter or stop the machine. 
of bundle of bars All gears are 
ess Pf total cross- machine-cut from the 
th, ectional area solid. 
ck, P to 2 sq. inches. 
air- | 
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Acrow (Engineers) Ltd., South Wharf, London, W.2. Telephone : AMBassador 3456 (20 lines) 
and at Birmingham, Bristol, Cardiff, Giasgow, Leeds, Liverpool, Manchester, Newcastle, 
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CAUSES OF ACCIDENTS. 


pressed-air tool had been turned upside 
down in order to insert a new spade ; 
this had been fitted, but not locked in 
position, when it was ejected with con- 
siderable force and struck a man on the 
head. The operating trigger was on top 
of the handle ; when the tool was turned 
upside down pressure on the ground 
depressed the trigger and the tool com- 
menced to operate. [No adjustments 
should be made or cutters replaced unless 
the tool is disconnected from the air 
supply. | 

COLLAPSE OF SCAFFOLD.—Two men 
engaged on slating a roof were working 
on a single-plank platform 9 in. wide 
supported by steel putlogs and uprights. 
The tapered ends of the putlogs had 
been driven between concrete blocks of 
the wall and fastened with wooden 
wedges. In pushing roofing felt on to the 
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Trent Gravels 
10,000 tons per week 


Washed & Crushed |} in. to } in. 


We are the leading suppliers of high-class concrete 

aggregates in the area shown above. Prompt 

deliveries guaranteed and keen competitive prices 
quoted. Send for samples and prices. 


TRENT GRAVELS LTD 


ATTENBOROUGH NOTTS 
Telephone : Beeston 54255 





MOISTURE TEST—3 MINUTES! 
Exact percentage of water in concrete mix 
determined in 3 minutes by ‘‘ SPEEDY” 
MOISTURE TESTER. No skill needed; 
labourers can use it. Portable and non-electric. 
Complete cost, £38. Write for free illustrated 


leaflet to Thomas Ashworth & Co. Ltd., Dept. 
CCE.2, Vulcan Works, Burnley, Lancs. 
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roof, the outward thrust imposed on the 
staging caused one of the putlogs to be 
pulled out of the wall and the men and the 
plank fell to the ground. 

Barrow Hoist.—Plaster panels 8 ft. 
long, 2 ft. wide, and 4 in. thick and 
weighing about 1} cwt. were unloaded 
from a lorry on to a four-wheel bogie 
2 ft. 8 in. long by 16 in. wide ; they were 
placed on edge and projected 2 ft. 8 in. 
beyond each end of the bogie. The hoist 
platform had been extended to carry the 
bogie and panels. The bogies were 
pushed on to the platform by two youths 
and came to rest against a timber batten 
nailed to the platform. A 2-in. by 2-in. 
batten was then placed loosely against 
the back wheels of the bogie. When the 
platform was 50 ft. above ground the 
bogie and panels slid off the platform, 
falling on to two men at the bottom of the 
hoist ; one man was seriously injured and 
the other killed. [Reliance should not 
have been placed on a loose batten to 
secure a bogie.] 

FRAGILE ROOFING MATERIAL.—A maf 
working on a roof walked over somé 
asbestos-cement sheets and fell through, 
[Where a scaffold is to be erected over a 
fragile roof covering, it is best to assumé 
that the roof covering is not there at all. 





A British Standard Code for 
Earthworks. 


B.S. Code of Practice No. 2003 (1959) 
** Earthworks (price 25s.), has _ bee 
issued by the British Standards Institw 
tion. It relates mainly to practice if 
Great Britain, but some of the recom 
mendations are of more general applica 
tion. The code deals with cuttings, em 
bankments and excavations in trencheg 
pits, and shafts, but not tunnels, dam 
dykes, canals, dredging, or river-trainin 
works. Recommendations are given fd 
the classification of soils, the effect 
weather, and the economics of earthwork 
in general and, with regard to cutting 
and embankments, guidance is given 0 
shallow cut-and-fill methods, compactid 
of soil, plant for earthworks, and th 
protection of earth slopes. Recommef 
dations are also made for timberif 
excavations in different types of grou 
and for blasting. 
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